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1. Welcome 

Andrea Coon, WREGIS Director, will call the meeting to order.  

2. WECC Antitrust Policy Open Meeting Reminder 

All WECC meetings are conducted in accordance with the WECC Antitrust Policy and the NERC 
Antitrust Compliance Guidelines.  All participants must comply with the policy and guidelines. This 
meeting is public—confidential or proprietary information should not be discussed in open session. 
This meeting is being recorded for the purpose of taking minutes. Please contact WECC legal 
counsel if you have any questions.  

3. Introduction of Presenter- Steven Schiller, Senior Advisor/Guest Scientist, 

Electricity Markets and Policy Group, Lawrence Berkley National Laboratory 

4. Presentation-Energy Efficiency and the Clean Power Plan 

5. Adjourn 

The meeting is expected to adjourn by 11:30 p.m. MDT on September 15, 2015. 

 

Presentation Hosted By: 
Western Renewable Energy Generation Information 

System (WREGIS)  
Western Electricity Coordinating Council (WECC) 



Agenda 

•  Presentation – a basic introduction to the following: 
–  Clean Power Plan (CPP) 
–  End-use energy efficiency  
–  Evaluation, measurement and verification (EM&V) 
–  EM&V and tracking in the CPP 

•  Participant Q&A 
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Disclaimers 

•  This presentation and any comments or opinions expressed 
are those of the presenter and NOT those of the WECC, 
WREGIS, WIEB, US E.P.A., US D.O.E., or LBNL 

•  With respect to the CPP, with over 3,000 pages of related 
documents, this is an initial summary and interpretation..... 
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Context – power plants are the single largest 
source of carbon pollution 
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Context – industry and buildings represent 
about ¾ of U.S. energy consumption 

•  Residential and commercial buildings account for about 70% of total U.S. electricity 
consumption and about 40% of U.S. carbon dioxide (CO2) emissions.  

•  Nearly all of the greenhouse gas (GHG) emissions from the residential and 
commercial sectors can be attributed to energy use in buildings 

•  About 25% of electricity goes to industry where efficiency can be quite cost-effective 
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And	  industry	  and	  buildings	  are	  where	  end-‐use	  electricity	  
efficiency	  happens	  

 

 Page | 1 
May 2009 

Buildings Overview 
CLIMATE TECHBOOK 

Buildings and Emissions: Making the Connection 
Residential and commercial buildings account for almost 39 percent of total U.S. energy consumption and 
38 percent of U.S. carbon dioxide (CO2) emissions.1 Nearly all of the greenhouse gas (GHG) emissions from 
the residential and commercial sectors can be attributed to energy use in buildings (see CLIMATE TECHBOOK: 
Residential and Commercial Sectors Overview).  

Figure 1: Buildings Share of U.S. Primary Energy Consumption (2006) 

 

Source: U.S. Department of Energy (DOE), 2008 Buildings Energy Data Book, Section 1.1.1, 2008.   

GHG emissions from energy use in buildings can be broken down into two types:  first, direct emissions from 
the on-site combustion of fuels for heating and cooking and, second, emissions from the end use of 
electricity used to heat, cool, and provide power to buildings. Emission reductions from buildings can be 
achieved by reducing emissions from the energy supply (see CLIMATE TECHBOOK: Electricity Sector Overview, 
as well as the individual CLIMATE TECHBOOK briefs on low- and zero-emission energy supply technologies) or 
by reducing energy consumption through improved building design, increased energy efficiency and 
conservation, and other mechanisms that reduce energy demand in buildings (see CLIMATE TECHBOOK: 
Building Envelope).  

Factors Affecting Building-Related Emissions 
Buildings come in a wide variety of shapes, sizes, and purposes, and they have been built at different times 
according to different standards. Consequently, addressing energy use in any given building requires a 
holistic approach to ensure the best results. In considering buildings generally, the following elements play 
important roles in shaping energy consumption and use. Whole-building design standards include most or all 
of these categories in order to maximize energy savings, but frequently any adjustments in these areas can 
be beneficial.  

 Embodied energy 
Embodied energy refers to the energy required to extract, manufacture, transport, install, and 
dispose of building materials. The GHG emissions associated with the embodied energy of a building 
are not attributed to “buildings” in above values, but efforts to reduce this energy use and 
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 [4]

Source: U.S. Energy Information Administration (EIA), Electric Power Monthly, Table 5.1,
September 2012. http://www.eia.gov/electricity/monthly/epm_table_grapher.cfm?t=epmt_5_01 [5]

When emissions from electricity generation are attributed to end-use sectors, the residential and
commercial sectors are responsible for 18 and 17 percent of total U.S. emissions, respectively
(see Figure 4). Electricity-related geenhouse gas emissions account for 70 percent of total
residential emissions and 67 percent of total commercial emissions.

Figure 4: Direct and Electricity-Related Greenhouse Gas Emissions by End-Use Sector
(2010)

Retail Sales of Electricity to Ultimate 
Customers, Total by End-Use Sector – 
source US EIA 

 

Buildings Share of U.S. Primary Energy Consumption 



CPP Basics 
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CPP Introduced by President Obama on August 3, 2015 

EPA took three actions intended to significantly reduce 
carbon pollution from power sector: 
•  Clean Power Plan (CPP) – existing sources 
•  Carbon Pollution Standards – new, modified and 

reconstructed sources 
•  Federal Plan proposal and model rule  
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CPP Goal Setting: BSER and Building Blocks 

•  EPA established CO2 emission performance rates representing the 
Best System of Emission Reduction (BSER) for existing fossil fuel-
fired EGUs 

•  EPA has established a BSER, in three building blocks 

•  The building blocks – a tool for setting state goals — 
–  Yes, demand side EE was not used to set goals in final CPP 
–  However, states are free to meet goal in the way that works best for them   
–  States can rely more or less heavily on specific measures such as 

demand side efficiency or renewable energy 

Block	  1	  -‐	  Increase	  
efficiency	  at	  EGUs	  

Block	  2	  –	  ShiI	  to	  
less	  carbon-‐

emiJng	  sources	  
(NG	  EGUs)	  

Block	  3	  -‐	  ShiIing	  
generaPon	  to	  clean	  
energy	  renewables	  	  

EGU	  Performance	  
Emission	  Rate	  (lbs/

MWh)	  
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CO2 Emission Goals 
•  Power plants are subject to the same standards no matter 

where they are located 
•  EGU emission performance rates have been translated into 

equivalent state goals  
•  EPA provided state goals in three forms:  

–  Rate-based goal measured in pounds per megawatt hour (lb CO2/
MWh) 

–  Mass-based goal measured in short tons of CO2  
–  Mass-based goal with a new source complement (for states that 

choose to include new sources) 
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Category-Specific Performance  Rates

EPA is establishing carbon dioxide emission performance rates for two subcategories of existing fossil 
fuel-fired electric generating units (EGUs): 
1. Fossil fuel-fired electric generating units (generally, coal-fired power plants)
2. Natural gas combined cycle units

Emission performance rates have been translated into equivalent state goals.  In order to maximize 
the range of choices available to states, EPA is providing state goals in three forms: 
• rate-based goal measured in pounds per megawatt hour (lb/MWh);
• mass-based goal measured in short tons of CO2

• mass-based goal with a new source complement (for states that choose to include new sources)
measured in short tons of CO2

17

Power plants are subject to the same standards no matter where 
they are located.

Emission 
Performance 
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State by State CO2 Goals – graphics from E&E Publishing 
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Graphics accessed on 8/11/15 from 
http://www.eenews.net/interactive/clean_power_plan#updated_mass_reduction 



CPP Timeline – slide from U.S. EPA 
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•  Interim	  CO
2	  performance	  rates	  

between	  2022	  and	  
2029	  	  

•  Final	  CO
2	  
emission	  

performance	  rates	  by	  
2030	  



Plan Types and Approaches 

•  States pick a mass- or rate-based goal approach  
•  States submit a “State Plan” for affected EGUs to 

implement interim and final goals (or the federal 
plan is implemented) 

•  Two State Plan types: 
–  Emission standards plan – includes source‐specific 

requirements ensuring all affected EGUS meet their goals  
o  rate‐based goal approach - or 
o mass‐based goal approach  

–  State measures plan– includes a mixture of measures 
implemented by the state, such as renewable energy standards and 
efficiency programs  
o Mass-based goal approach only 
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Many CO2 Reduction Opportunities 

•  Heat rate improvements 
•  Fuel switching to a lower carbon content fuel 
•  Integration of renewable energy into EGU operations  
•  Combined heat and power 
•  Qualified biomass co-firing and repowering 
•  Renewable energy (new & capacity uprates)  - wind, solar, hydro 
•  Nuclear generation (new & capacity uprates) 
•  Electricity transmission and distribution improvements 
•  Carbon capture and utilization/sequestration for existing sources 
•  Demand-side energy efficiency measures, programs and policies –  
Energy efficiency improvements are expected to be an important part 
of state compliance across the country and under all state plan types, 
providing energy savings that reduce emissions, lower electric bills, 

and lead to positive investments and job creation  
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Energy Efficiency Strongly Supported in CPP 

CPP encourages states to select energy efficiency as a 
compliance path 

	  

•  Under a mass-based approach, energy efficiency automatically “counts” 
toward compliance and states can use an unlimited amount to help 
achieve their state goals 

 

•  Under a rate-based approach, CPP enables states to get credit for all 
eligible energy efficiency projects whose electricity savings are 
documented via EM&V 

 

•  The Clean Energy Incentive Program (CEIP) provides additional 
incentives for early investment in demand-side energy efficiency in low-
income communities 
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Early Investments – slide excerpts from U.S. EPA  

•  EPA is providing the Clean Energy Incentive Program (CEIP) to incentivize 
early investments that generate wind and solar power or reduce end-use 
energy demand during 2020 and 2021  

•  The CEIP is an optional, “matching fund” program states may choose to use to 
incentivize early investments in wind or solar power, as well as demand-side 
energy efficiency measures that are implemented in low-income 
communities  

•  EPA will provide matching allowances or Emission Rate Credits (ERCs) to 
states that participate in the CEIP, up to an amount equal to the equivalent of 
300 million short tons of CO2 emissions. The match is larger for low-income EE 
projects, targeted at removing historic barriers to deployment of these 
measures. Also, states with more challenging emissions reduction targets will 
have access to a proportionately larger share of the match  

•  In addition to the CEIP, states may also offer credit for early investments in RE 
and demand-side EE according to the provisions of section VIII.K.1 of this final 
rule: a state may award ERCs to qualified providers that implement projects 
from 2013 onward that realize quantified and verified MWh results in 2022 and 
subsequent years.  
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Energy Efficiency in the CPP –  
Rate-Based Approach 

 
 
 
CPP Emissions Rate =  

(Affected EGU Emissions, lbs/year) 
----------------------------------------------- 

(Affected EGU Generation, MWh/year) + (ERCs, MWh/year) 
Example: 
•  Emission = 1,000,000 lbs/year 
•  Generation = 1,000 MWh/year 
•  Emission rate = 1,000 lbs/MWh 
•  Target = 800 lbs/MWh 
•  ERCs required = 250 MWh/yr     CPP Rate = 800 lbs/MWh 
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•  EE	  can	  be	  used	  to	  generate	  Emission	  Rate	  Credits	  (ERCs)	  that	  
are	  used	  to	  help	  meet	  the	  rate	  target	  	  

•  Rate	  based	  approaches	  are	  where	  there	  are	  significant	  CPP	  
EM&V	  and	  tracking	  requirements	  for	  EE	  



Energy Efficiency in the CPP –  
Rate Based Approach (continued) 
 

•  Reminder: Only emission standard plans use rate-based approaches 
(not state measure plans) 

•  In proposed federal plan there are no end-use efficiency ERCs   
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Some	  detail	  from	  CPP:	  

“..a	  state	  may	  implement	  a	  market-‐based	  emission	  trading	  program,	  which	  enables	  
EGUs	  to	  generate	  and	  procure	  [Emission	  Rate	  Credits]	  ERCs,	  a	  tradable	  compliance	  unit	  
represenPng	  one	  MWh	  of	  electric	  generaFon	  (or	  reduced	  electricity	  use)	  with	  zero	  
associated	  CO2	  emissions.”	  	  

“…These	  ERCs	  may	  then	  be	  used	  to	  adjust	  the	  reported	  CO2	  emission	  rate	  of	  an	  affected	  
EGU	  when	  demonstraPng	  compliance	  with	  a	  rate-‐based	  emission	  standard.	  For	  each	  
submiHed	  ERC,	  one	  MWh	  is	  added	  to	  the	  denominator	  of	  the	  reported	  CO2	  emission	  
rate,	  resulFng	  in	  a	  lower	  adjusted	  CO2	  emission	  rate.“	  

	  



Eligible EE for Adjusting CO2 Emission Rates 
Rate Based Approach 

•  Broadly speaking – all actions must be quantifiable, 
verifiable, enforceable, non- duplicative and permanent  

•  “Demand-side EE may include a range of eligible 
measures, provided that the measures can be quantified 
and verified in accordance with the EM&V requirements in 
the emission guidelines…”  

•  Will provide examples of demand-side EE measures in the 
next portion of this presentation 
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Energy Efficiency in the CPP – 
Mass-Based Approach 

From CPP: 

–  “….incentivizes …. the use of strategies such as RE and demand-side EE as 
complementary measures that reduce CO2 emissions.” 

–  “The EPA believes the state measures plan type will provide states with additional 
latitude in accommodating existing or planned [EE]  programs “…. unlike under a rate-
based approach, for this latter set of measures there is no need to address and 
describe these state measures in a state plan submission or quantify and verify …EE 
MWh of … savings…” 

•  Reminder: State measure plans are “mass plans”, emission standard plans can 
also be “mass plans” 
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•  EE	  reduces	  emissions	  mass	  “indirectly”.	  	  	  
•  EE	  EM&V	  is	  less	  of	  an	  issue	  with	  mass-‐based	  approach,	  but:	  

•  EE	  is	  implemented	  with	  complementary	  programs,	  which	  
should	  have	  their	  own	  EM&V	  plans	  

•  CEIP	  (early	  investments)	  requires	  EM&V	  



Summary: Several Pathways for States – 
slide from U.S. EPA 
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More State Options, Lower Costs 

• Under a mass-based plan, 
states that anticipate 
continuing or expanding 
investments in energy 
efficiency have unlimited 
flexibility to leverage those 
investments to meet their 
CPP targets. EE programs 
and projects do not need to 
be approved as part of a 
mass-based state plan, and 
EM&V will not be required

• For states currently 
implementing mass-based 
trading programs, the “state 
measures” approach offers 
a ready path forward

• Demand-side energy 
efficiency is an important, 
proven strategy that states 
are already widely using 
and that can substantially 
and cost-effectively lower 
CO2 emissions from the 
power sector

• This chart shows some of the compliance  pathways available to states under the final Clean Power Plan. Ultimately, it is up to the states 
to choose how they will meet the requirements of the rule 

• EPA's illustrative analysis shows that nationwide, in 2030, a mass-based approach is less-expensive than a rate-based approach 
($5.1 billion versus $8.4 billion) 



Energy Efficiency Basics 
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Historical Context 

Who wore this sweater 
on February 2, 
1977? 
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Jimmy Carter  (2 weeks after becoming President) 

•  “One of our most 
urgent projects is to 
develop a national 
energy policy. Our 
program will 
emphasize 
conservation.” 

•  “All of us must learn to 
waste less energy.” 
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What is Efficiency 

•  Energy Conservation: Doing with less of a service in 
order to save energy: 
–  Using less energy and probably getting less output/service quality  
–  Example: Turning up the thermostat to get less cooling 

•  Energy Efficiency:  The use of less energy to provide 
the same or an improved level of output or service to the 
energy consumer in an economically efficient way: 
–  Using less energy to perform the same function 
–  Example: A more efficient air conditioner 

•  Turning street lights off versus                                                                          
installing efficient street light                                                          
lamps and controls 
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Why is Efficiency Important   

•  Cost savings 

•  Reliability improvement 

•  Environmental Impact 
Mitigation 
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Why Efficiency: Costs - Its Relatively Cheap 
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!

California Energy Efficiency 436 14th Street, Suite 1123                   Telephone 916.390.6413 
 Industry Council           Oakland, CA  94612 www.efficiencycouncil.org 

 
 

 

Notes: 

1. Indicated values are averages based on assumptions and data described in the indicated 
source documents; individual resources may have costs significant different than 
presented average values. 

2. End Use Energy Efficiency value is weighted average national Program Administrator 
Cost of Saved Energy during 2009-2011, 2012$, levelized at 6% discount rate. Source: 
“4,000+ (Program) Years of Efficiency: Preliminary Results of a Program-Level 
Analysis of the Administrator Cost of Saved Energy”, Steven R. Schiller, Lawrence 
Berkeley National Laboratory, Presented at the 2013 ACEEE National Conference on 
Energy Efficiency as a Resource, Nashville, Tennessee, September 24, 2013 

3. Other (supply) resources costs are average values from US Energy Information Agency 
Levelized Cost of New Generation Resources in the Annual Energy Outlook 2013, U.S. 
average levelized costs (2011 $/megawatthour) for plants entering service in 2018, 
http://www.eia.gov/forecasts/aeo/electricity_generation.cfm  

4. Efficiency values based on savings at end-use consumer site, supply side values based on 
net AC power available to the grid 

 

November 1, 2013 
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Why Efficiency: Increases Reliability  
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•  Less	  demand	  =	  less	  GT&D	  and	  fuel	  	  
•  Can	  be	  targeted,	  modular,	  and	  quickly	  implemented	  

•  Capacity	  &	  electricity	  reliability	  benefits,	  and	  supports	  
renewable	  integraPon	  	  

•  Bokom	  line	  –	  if	  your	  boat	  sank,	  	  
	  	  	  	  	  would	  you	  rather	  swim	  	  
	  	  	  	  	  1	  mile	  or	  ½	  mile	  to	  shore	  
	  



Why Energy Efficiency: Multi-Pollutant Reductions 
•  End-use efficiency reduces emissions by avoiding the need to generate 

electricity in the first place 
•  Energy efficiency is included as a top measure to meet the reduction 

goals of state GHG mitigation plans.  
–  Of the approximately 30 state-level climate change action plans that have 

been completed since 2000, efficiency programs were in the “top 10” GHG 
reduction measures and in many cases were among the top five measures   

•  Of course all types of power plant-related emissions are reduced: 
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! 7!

are!not!yet!fully!mature.!Maryland!continues!to!expand!its!energy!efficiency!programs!under!the!
Empower!Maryland!Act,!with!further!air!quality!benefits!expected!to!accrue.36!!

!
Energy!efficiency!is!included!as!a!top!measure!to!meet!the!reduction!goals!of!state!GHG!mitigation!
plans.!Of!the!approximately!30!stateDlevel!climate!change!action!plans!that!have!been!completed!since!
2000,!energy!efficiency!programs!were!“top!10”!GHG!reduction!measures!in!the!plans,!and!in!many!
cases!were!among!the!top!five!measures.37!!
!
Table!3.4D1!illustrates!the!variety!of!air!pollutants!and!the!interrelationship!among!their!impacts.!
!
Health!and!Welfare!Impacts!of!Air!Pollutants!and!Energy!Efficiency!Reduction!Potential!

Pollutant( Climate(
Forcer(

Acidifying(
Substance(

Eutrophying(
Substance(

Ozone(
Precursor(

Particulate(
Matter(or(
Precursor(

Can(Be(
Reduced(
Through(
Energy(

Efficiency(
Ammonia!(NH3)! ! X! X! ! X! X!
Carbon!Dioxide!(CO2)! X! X! ! ! ! X!
Carbon!Monoxide!(CO)! X! ! ! X! ! X!
Heavy!Metals!(HM)! ! ! ! ! X! X!
Methane!(CH4)! X! ! ! X! ! X!
Nitrogen!Oxides!(NOx)! X! X! X! X! X! X!
NonDMethane!Volatile!Organic!
Compounds!(NMVOC)! X! ! ! X! X! X!

Primary!Particulate!Matter!(PM)! X! ! ! ! X! X!
Polycyclic!Aromatic!
Hydrocarbons!(PAH)! ! ! ! ! X! X!

Sulfur!Dioxide!(SO2)! X! X! ! ! X! X!
!
!
The!energy!savings!associated!with!energy!efficiency!measures!are!not!limited!to!savings!at!the!end!
user’s!site.!The!average!fossilDfueled!power!plant!in!the!U.S.!is!about!32!percent!efficient!thermally,!
meaning!that!about!twoDthirds!of!the!fuel!is!not!converted!to!electricity.38!Additional!losses!occur!during!
the!transmission!and!distribution!(T&D)!of!electricity.!The!Energy!Information!Administration!estimates!
average!T&D!losses!to!be!6!percent,39!though!losses!as!high!as!20!percent!are!possible!during!peak!
periods!of!electricity!demand.!Thus,!eliminating!the!consumption!of!one!unit!of!electricity!(site!savings)!
can!yield!savings!of!several!equivalent!units!of!fuel!consumption!(source!savings)!and!avoid!the!
emissions!associated!with!that!consumption.40!
!
Besides!being!a!lowDcost!energy!resource,!energy!efficiency!also!lowers!the!cost!of!environmental!
compliance.!Researchers!looked!at!multiple!air!pollutants!and!determined!what!it!would!cost,!solely!
through!pollution!controls,!to!reduce!air!pollutant!health!impacts!by!50!percent.!They!compared!that!to!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
36!Aburn!2013.!!
37!State!climate!action!plans!at!http://www.climatestrategies.us/policy_tracker/state/index.!Personal!communication!with!Chris!
James,!Regulatory!Assistance!Project,!August!2015.!
38!Laitner!2013.!!!
39!EIA!2015.!Data!are!average!for!the!period!1990!to!2012.!
40!This!description!does!not!apply!to!combined!heat!and!power!(CHP)!applications,!which!can!be!as!high!as!90!percent!thermally!
efficient.!CHP!applications!match!power!generation!to!onDsite!electricity!and!steam!(or!heat)!demand.!!

Table Source: SEE 
Action Guide for States: 
Energy Efficiency as a 
Least-Cost Strategy to 
Reduce Greenhouse Gas 
Emissions and Meet 
Energy Needs in the 
Power Sector 
(forthcoming)" 



Efficiency is an Established Resource 

 
•  Energy efficiency programs have been in place in the U.S. 

for several decades, and every state has programs in place  

•  Many utilities recognize energy efficiency as a resource in 
the resource plans they develop to guide investment 
decisions and operational plans 

•  Nevertheless, there is significant (and ‘renewing’) untapped 
energy efficiency potential 
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The Savings Hierarchy 

•  Measures are the 
fundamental savings units - 
equipment or strategy  

•  Projects are coordinated 
activities to install one or more 
measures at a facility 

•  Programs are collections of 
similar projects that are 
intended for a specific market 
(designed and administered by 
a single entity – e.g., a utility)  

•  Portfolios are multiple 
program initiatives in specific 
market sectors (again, 
typically administered by a 
single entity such as a utility_ 
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FIGURE 2.1: Hierarchy of energy efficiency activities 

This guide focuses on documenting the impacts of resource acquisi-
tion programs, including directly achieved energy and demand 
savings and related emission reductions. Section 7.10 of this guide 
briefly discusses evaluation of market transformation programs, 
including education and training and codes and standards programs. 
It should be noted that while a program may have just one primary 
objective, there are often secondary objectives that are integral 
to the program’s overall success. This is frequently the case when 
resource acquisition and market transformation objectives are 
involved. With respect to impact evaluation, it is more important to 
focus on the performance goals to be assessed and establish metrics 
than to categorize individual program types.

End-use (consumer) energy efficiency is part of the very general 
category of activities known as demand-side management (DSM). 
Demand-side management programs are designed to encourage  
consumers to modify their level and pattern of energy use. Another 
category of DSM is demand response (DR), defined by the Federal 
Energy Regulatory Commission (FERC) as “a reduction in the consumption 
of electric energy by customers from their expected consumption in 
response to an increase in the price of electric energy or to incentive 
payments designed to induce lower consumption of electric energy.”9 
Demand response programs employ energy rate design (pricing), 
customer incentives, and technology to enable customers to change 
their demand in response to system conditions or prices.

While this guide does not specifically address DR programs, the basic 
evaluation approaches and planning process explained here can be 
applied to DR with the understanding that the emphasis for DR program 
evaluation is demand savings. Demand savings definitions and evaluation 
techniques are highlighted in Sections 7.2 and 7.10.5.

2.1.3 Savings Hierarchy
The starting point for evaluating energy and demand savings, at least 
with bottom-up evaluation approaches, is a savings hierarchy for 
energy efficiency actions, as shown in Figure 2.1. This figure shows 
the energy efficiency actions in the following order:

• Energy efficiency measure: at an end-use energy consumer 
facility, an installed piece of equipment or system; a strategy  
intended to affect consumer energy use behaviors; or modification 
of equipment, systems, or operations that reduces the amount 
of energy that would otherwise have been used to deliver an 
equivalent or improved level of end-use service. Examples 
include lighting retrofits, HVAC retrofits, and commissioning.

• Project: an activity or course of action involving one or multiple 
energy efficiency measures at a single facility or site. Examples 
include home retrofits and commercial new construction projects.

• Program: an activity, strategy, or course of action undertaken 
by a program implementer or administrator. Each program 
is defined by a unique combination of program strategy, 
market segment, marketing approach, and energy efficiency 
measure(s). Programs consist of a group of projects with similar 
characteristics and installed in similar applications. Examples 
include a utility program to install energy-efficient lighting in 
commercial buildings, a developer’s program to build a  
subdivision of homes that exceed common practice, or a state’s 
effort to improve compliance with energy efficiency codes.

• Utility-administered energy efficiency programs

• Government efficiency programs, either for public  
facilities or for private-sector incentive programs

• Independent system operator (ISO) programs to reduce 
demand (e.g., a forward capacity market).

• Air pollution and greenhouse gas mitigation programs 
that rely on efficiency actions

• Private company programs

• Energy service company contracts

SOME APPLICATIONS OF ENERGY 
EFFICIENCY EVALUATIONS



Options: New Construction and Retrofits 

•  New Construction – more efficient than 
what would have been built 

•  Retrofits - two kinds of measures:  
o Replace on burnout =  replace equipment when 

existing equipment fails 
o Early replacement = replace equipment before the 

end of the useful life of existing equipment 
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Actually There are a lot of options 

Funding Lead Entity Time Frame 
•  Utility customers 
•  Public/General funds 
•  Cap and Trade Auction Funds 
•  Consumers 
•  Industry 
  

•  Local and state 
agencies 

•  Federal Entities 
•  Utilities 
•  Non-profits 
•  Industry 

collaboratives 

•  Short Term – Quick 
Start 

•  Medium term 
•  Long Term 

Market Segments/ Sectors Objectives Implementation 
Strategies 

•  Market Segments 
•  Upstream 
•  Mid-stream 
•  Down stream 

•  Market Sectors 
•  Commercial 
•  Residential and Multi-Family 
•  Low Income 
•  Agricultural 

  

•  Market 
transformation 

•  Resource 
Acquisition 

•  Pilots 
•  Infrastructure 

development 
  

•  Voluntary 
•  Direct Install 
•  Incentives 
•  Financing 

•  Mandatory 
•  Codes 
•  Standards 
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Broad categories of efficiency programs:  
 

•  Utility programs use utility customer funds to support efficiency actions 

•  Who does: Overseen by a regulatory board (e.g., PUC) or public or co-
op utility board, administered by utilities or other entities, and 
implemented by range of contractors and consumers 

•  Project types: retrofit or new construction for residential, commercial, 
agricultural, industrial, public, etc., market sectors 

•  Can include: 
–  Direct action programs  - rebates and incentives, direct installation, 

technical assistance for applications such as:  
o  Whole house retrofits including low income tenant projects  
o  Street lighting 

–  Indirect action programs - consumer behavior programs, marketing 
education and outreach programs, workforce education and training 
programs, financing programs, and energy audit programs  
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Energy Efficiency Utility Programs 

Program	  Administrator	  PorTolio	  

ResidenPal	  

Whole	  Home	  
Programs	  

Whole	  Home	  
Retrofit,	  Home	  
Performance	  

Audits	  –	  
standalone,	  

onsite	  

Direct	  Install	  

Consumer	  
Products	  Rebate	  

Electronics	  

LighPng	  

Appliances	  

Commercial	  

Custom	  

Whole	  Buildings	  

RCx	  

Small	  Commercial	  

PrescripPve	  

HVAC	  

LighPng	  

Perf.	  Contracts,	  
Bidding	  

Industrial	  &	  
Agriculture	  

Custom	  

Industrial	  &	  Ag	  
Process	  

Data	  Centers	  

Refrigerated	  
Warehouses	  

PrescripPve	  

Motors	  

Ag.	  PrescripPve	  
(Pumps)	  

Cross	  CuJng	  &	  
Other	  

MulP-‐Sector	  

Codes	  &	  
Standards	  

Market	  
TransformaPon	  

MulP-‐Sector	  
Equipment	  
Rebate	  

Cross	  CuJng	  

EM&V	  

MarkePng	  &	  
EducaPon	  

Low	  Income	  

Low	  Income	  

Examples	  of	  common	  uFlity	  program	  types	  (and	  support	  acFviFes)	  
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Broad categories of efficiency programs: 

•  Performance contracting involves tying, in some manner, contractor 
payments to the achieved energy savings 

•  Who does: Performance contracts are implemented by Energy Service 
Companies (ESCOs) 

•  Project types: mostly public agency (schools, hospitals, municipal 
buildings) and large commercial/industrial projects; most projects are 
“comprehensive” retrofits 

 
–  A typical performance contract reduces annual energy use by 15 

percent to 30 percent  

–  Electricity accounts for an estimated two-thirds of the energy 
savings for public and institutional (e.g., universities and hospitals) 
ESPC projects  
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Broad categories of efficiency programs:  

•  Codes 
–  Building energy codes are legal energy-efficiency requirements that apply 

to the design and construction of buildings 
–  Energy codes are adopted by state or local governments and govern design 

and construction of new residential and commercial structures in their 
jurisdictions, as well as in some cases the retrofitting of existing structures 

–  Efforts can involve advancing stringency of codes and improving 
compliance with existing codes 

•  Standards 
–  Product energy standards are legal energy-efficiency requirements that 

specify the minimum efficiency levels of specific products 
–  Federal standards currently apply to about 55 categories of appliances and 

equipment sold in the U.S.  
–  For products that are not subject to existing national standards (and thus 

not subject to federal pre-emption) states may adopt their own product 
standards for sales within their borders 
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Broad categories of efficiency programs:  

•  Combined heat and power  

•  Distribution system improvements – e.g., conservation voltage 
reduction 

•  Water conservation/energy efficiency combination projects 

•  Financing programs 

•  Low income/disadvantaged community programs 
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Efficiency Status Across the Country 

The next few slides will be quickly reviewed to 
provide a sense of the growth of efficiency 
activity in the U.S. 
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Half of States Have Energy Savings Targets 

Source: ACEEE, www.aceee.org accessed 9/11/15 
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Energy Efficiency Resource Standard (EERS)

An Energy Efficiency Resource Standard (EERS) establishes specific, long-term targets for energy

savings that utilities or non-utility program administrators must meet through customer energy

efficiency programs. An EERS can apply to either electricity or natural gas utilities, or both,

depending on the state, and can be adopted through either legislation or regulation. An EERS is

similar in concept to a Renewable Energy Standard (RES) or Renewable Portfolio Standard (RPS).

While an RES requires that electric utilities generate a certain percentage of electricity from

renewable sources, an EERS requires that they achieve a percentage reduction in energy sales from

energy efficiency measures. 

As of August 2014, twenty-four states have fully-funded policies in place that establish specific

energy savings targets that utilities or non-utility program administrators must meet through

customer energy efficiency programs. Though Ohio and Indiana had EERS policies in place in the

past, these were rolled back in recent years. The strongest EERS requirements exist in

Massachusetts, Rhode Island, and Vermont, which require almost 2.5% savings annually. For a

complete summary of state-level EERS policies and impacts, see the State EERS Policy Brief

(//aceee.org/policy-brief/state-energy-efficiency-resource-standard-activity).

A federal EERS would complement existing state-level energy efficiency standards by setting a

national goal for energy savings that would be implemented over a specific period of time.

 The American Clean Energy Security Act of 2009 (//aceee.org/topics/aces) (which did not become

law) proposed a 5% efficiency target, with an option for governors to petition that an additional 3%

of the reductions come from efficiency in their state. Because business-as-usual projections for

efficiency savings in 2020 are already close to 5% of nationwide electricity sales, ACEEE views a 10%

requirement as a more appropriate target, and one which would have a significant and positive
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Estimated Achieved Annual Electricity Savings 
Rising Among States 

40	  

Ø 30% of states achieving 1% 
or higher annual incremental 
electricity savings 
 
Ø Many “new” states – about 
40% – are saving 0.2% to 
0.7%  

Ø Given the prevalence 
of rising targets, most of 
these states are poised 
for higher savings 
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Source: Barbose et al. “The Future of Utility Customer-
Funded Energy Efficiency Programs in the United States: 
Projected Spending and Savings to 2025” LBNL-5803E. 
2013 
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Most Leading States Projected to Save 1.5% or More 

Source: Barbose et al. “The Future of Utility Customer-Funded 
Energy Efficiency Programs in the United States: Projected 
Spending and Savings to 2025” LBNL-5803E. 2013 
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Growth in Total Electric (and natural gas) 
Demand Side Management Spending 

2014 State of the Efficiency Program Industry:  
Budgets, Expenditures, and Impacts, Consortium for 
Energy Efficiency, 201 
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2014 State of the Efficiency Program Industry, CEE Annual Industry Report

industry beyond the effects of drop-offs or new respondents between the 2013 and 
2014 survey years. 

3.5 United States DSM Trends
US program administrators spent $7.2$billion28 from all sources for gas and electric DSM 
programs in 2013. This total includes both energy efficiency and demand response 
(Figure 3). 

Figure 3!US DSM Expenditures—Gas and Electric Combined 2009–2013

These expenditures remained consistent with 2012 DSM expenditures in the US and 
represent a one percent decrease in spending when adjusted for inflation. This differ-
ence is not significant enough to appear in Figure 3. Comparing just those program 
administrators who responded to both the 2013 and 2014 surveys, ratepayer funded 
expenditures increased by just over $50 million, or one percent. 

The $7.2$billion spent by US DSM program administrators represent 0.04 percent of 
2013 US gross domestic product and three percent of the value added by the US utility 
industry to gross domestic product in 2013. DSM expenditures were closest in scope to 
the value added by the “apparel and leather and allied products” industry, $10.4$billion.29

Although not depicted in Figure 3 above, in 2014, natural gas and electric DSM program 
administrators in the United States budgeted over $8.9$billion from all sources, repre-
senting a two percent increase over 2013 when adjusted for inflation.

28 $7.0$billion of these expenditures were derived solely from ratepayers, the same when rounded as in 2012 in both 
nominal dollars and when adjusted for inflation.

29  Comparisons in this paragraph are based on data from the US Department of Commerce Bureau of Economic 
Analysis: http://www.bea.gov. Last updated April 14, 2015
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ESCO Industry Growth 

•  The	  industry	  reported	  revenues	  
of	  about	  $5.3	  billion	  in	  2011,	  
with	  esFmated	  2013	  revenues	  
of	  about	  $6.4	  billion.	  SFll,	  the	  
remaining	  investment	  potenFal	  
in	  public	  and	  insFtuFonal	  
faciliFes	  is	  large,	  esFmated	  at	  
about	  $71	  billion	  to	  $133	  billion	  
LBNL,	  Stuart	  et.al	  2013	  

• 	  LBNL	  projects	  that	  the	  ESCO	  
industry	  will	  grow	  from	  ~$4	  
billion	  (2008)	  to	  $7.5	  billion	  
(2014).	  
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More Than Two-Thirds of States Have Adopted 
2009 or Later Residential Codes 
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Nearly 75% of States Are Engaged in Some 
Form of Compliance Enhancement 

Source: BCAP 
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Revolving Loan Funds and Loan Loss Reserves 
Prevalent in Most States 

46	  

Source: NASEO SELF database 

NASEO	  SELF	  database	  
	  	  
NASEO	  has	  tracked	  a	  total	  of	  79	  
programs	  in	  44	  states,	  
represenPng	  a	  total	  of	  over	  $2	  
billion	  in	  available	  state	  
financing	  for	  energy	  efficiency	  
and	  renewable	  energy	  projects	  
in	  a	  variety	  of	  sectors.	  	  
	  
LBNL’s	  forthcoming	  paper	  on	  
ARRA-‐funded	  RLFs	  and	  LLRs,	  a	  
collaboraPon	  with	  NASEO,	  will	  
add	  to	  understanding	  of	  RLF	  and	  
LLR	  programs.	  
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Understanding the potential of efficiency 
- how efficiency potential is determined  
 

Steven	  Schiller,	  WREGIS/WECC	  September	  2015	   47	  

 
 
 
 
 
 

 
126 
2013 Potential and Goals Study 
Final Report. 
 

 
Figure 5-2. California Gross Technical, Economic, and Cumulative Market Demand Savings Potential 

for 2012-2024 (MW) 

 
2013 Cumulative results exclude C&S savings and behavioral savings. 
Source: PG model release February 2014 

California’s gross incremental market potential for energy savings including codes and standards is 
calculated to be 2,462 GWh in 2012 and approximately 2,273 GWh in 2024, as presented in Error! 
Reference source not found.. These results can be compared to Figure 5-3, which shows the incremental 
market potential without the effects of codes and standards. 

End-use categories provide an easy way to categorize and roll up measure-level savings while also 
providing some high-level information of the measures in that category. For example, only measures 
that are related to lights would be included in the lighting end use. This is not limited to light bulbs, but 
encompasses any measure that would affect how much lighting power is being used, including 
measures like sensors or controls in addition to bulbs and fixtures. The whole-building end use is 
different however, in that it includes bundles of measures across all the end uses, many of which are 
HVAC measures that are not cost effective on their own. 

Figure 5-3 shows incremental market potential by end-use category, but this does not include the IOU 
attributable codes and standards savings. The gross incremental market potential shown here has a 
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High level sense of efficiency’s potential 

•  Codes and Standards 
–  Savings from Codes and Standards have each grown from 

essentially zero to about 1% of national electricity sales in 2012 and 
growing 

•  Utility efficiency programs  
–  Grown from very small impacts in the 1980s to about 0.5% annual 

decreases in electricity consumption nationally 
–  Based on current state policies, savings from these programs could 

reach 0.8% to 1.1% per year of national electricity sales by 2025 

•  Using broad generalization – efficiency can probably save, cost-
effectively, at least 1% to 2% (some say 3%) of electricity sales 
each year 

•  For comparison, EIA’s 2012 reference case projects that U.S. electric 
retail sales will grow by 0.58% annually through 2025  
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Summary: end use efficiency is good stuff 

Sure….it reduces waste and saves 
consumers money in the long run, 
improves reliability and has 
environmental benefits (including 
reduced water use), but also -  

•  Anybody and everybody can participate 
•  Local economic development, jobs 

	  

•  It’s	  cheap	  
•  It	  has	  already	  saved	  a	  
lot	  	  

•  There	  are	  plenty	  of	  
opportuniPes	  –	  there	  
are	  new	  technologies	  
and	  approaches	  –	  it	  is	  
not	  a	  limited	  resource	  
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So	  What	  Is	  The	  
Problem?	  
	  
Barriers	  to	  Energy	  
Efficiency	  
	  
Or	  –	  How	  many	  people	  does	  it	  take	  
to	  screw	  in	  a	  LED? 
 

Steven	  Schiller,	  WREGIS/WECC	  September	  2015	   50	  



Efficiency’s Version of the Tragedy of 
the Commons 
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Efficiency is a great cost-
effective mechanism for 

society to save energy and 
reduce emissions, but…

there is a paradox …. 

It is not necessarily the 
choice that individual 

energy users make 
because of various market 

barriers 

Thus,	  intervenFon	  is	  required	  to	  meet	  full	  potenFal	  
of	  efficiency	  



Barriers and Opportunities 

Barriers 

n  Front-end                     
investment requirements 

n  Principal agent problem 
(property owner/tenant) 

n  Lack of information  
n  Transaction costs 
n  Lack of knowledgeable 

contractors, suppliers, etc. 
n  Uncertainty in documenting 

benefits 

Opportunities 
•  Utility programs 
•  Codes and Standards 
•  Performance contracting 
•  Distribution efficiency 
•  Etc. 
•  Etc. 
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EM&V Basics 
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EM&V Definitions 

•  Evaluation - The performance of studies and activities 
aimed at determining the effects of a program or portfolio 

•  Measurement and Verification - Data collection, monitoring, 
and analysis associated with the calculation of gross 
energy and demand savings from individual sites or 
projects. M&V can be a subset of program evaluation.    

•  EM&V - The term “evaluation, measurement, and 
verification” is frequently seen in efficiency evaluation 
literature. EM&V is a catchall acronym for determining both 
program and project impacts.  
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Evaluation Categories 

•  Impact evaluations -  assessments that determine and 
document the direct and indirect benefits of an energy 
efficiency program. This is what we are focusing on for CPP 
compliance  - determining energy savings 

•  Process evaluations - formative, systematic assessments of 
an energy efficiency program. They document program 
operations and identify and recommend improvements. 

•  Market evaluations - assessments of structure or 
functioning of a market; include estimates of the current 
market role of energy efficiency (market baselines) and 
potential (potential studies).  
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Impact Evaluation Metrics 

•  Gross Savings:  The change in energy consumption and/or 
demand that results directly from program-promoted actions taken 
by program participants regardless of the extent or nature of 
program influence on their actions. 

•  Net Savings:  Refers to the portion of gross savings that is 
attributable to the program. Attributing changes to one cause (i.e., a 
particular program) or another can be quite complex. 

•  Non-Energy Benefits:  Impacts associated with program 
implementation or participation. Can be positive or negative. Some 
examples include: avoided emissions and environmental benefits, 
productivity improvements, jobs created and local economic 
development, reduced utility customer disconnects, higher comfort 
and convenience.  
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Savings Cannot Be Measured -   
    they are estimated against a baseline 
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Baseline 

•  Baseline definition: conditions (including electricity 
consumption) that would have existed without 
implementation of the subject EE activity.  

•  Baseline is used to estimate measure-, project- and 
program-related savings.  

•  The key challenge with quantifying EE savings is the 
identification of an accurate baseline from which to 
determine energy savings  
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Isolating Effects of Efficiency vs. 
Other Factors that Affect Consumption 

Individual Buildings 
•  Changes in the building (e.g., 

renovation) 
•  Changes in the household 

(e.g., new baby) 
•  Changes in business activities 

(e.g., number of employees, 
evolving industrial processes, 
operating hours, etc.) 

•  Changes in appliances/
equipment apart from the 
program 

Broader Issues 
•  Weather 
•  Economy 
•  Changing codes/standards and 

common practice 
•  Energy prices 
•  Other Programs 
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Looking at same issue from a program 
perspective: counterfactuals 
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2. Concepts and Issues in Estimation of Energy Savings 

In this section, we first discuss the issues and uncertainty involved with estimating energy savings caused by a 
residential energy efficiency program, and the statistical methods for quantifying this uncertainty. We then 
present experimental design as a method for dealing with these issues in order to obtain savings estimates that are 
accurate and robust. Those familiar with causal inference, statistics, and experimental design may want to go 
directly to Section 3.  

Theoretically, the true energy savings from an energy efficiency program is the difference between the amount of 
energy that households in the program use relative to the amount of energy that those same households would 
have used had they not been in the program during the same time period (this is often called the counterfactual; 
see Figure 3). However, we can never observe how much energy those households would have used had they not 
been in the program, because at any given time a household must either be in the program or not. 

Therefore, one common approach is to estimate the energy savings by measuring the difference between the 
energy use of the households participating in the program (the treatment group) relative to the energy use of a 
comparison group of households that we consider similar to those in the participant households (the control 
group), during the same period of time.23 As shown in Figure 4, the difference between the energy use of the 
households in the treatment and the control group can be attributed to three sources: 

1. The true impact of the program 

2. Pre-existing differences between households in the treatment and control group, which is called bias or 
selection bias 

3. Inherent randomness.24 

                                                                 
23 In the remainder of this report, we use terminology commonly used in experimental design. The group of participant households that are 
intended to receive the program are called the treatment group while the group of households in the constructed comparison group that are 
not intended to receive the program are called the control group. 
24 It could be that for the population that was chosen, for the time interval over which the energy use was monitored, the households in the 
treatment group randomly happened to lower their energy use at around the same time that the program started. The precision of an estimate 
of energy savings (as discussed below) quantifies the effect of this inherent randomness and allows us to decide whether or not it is a problem. 
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Two Components to Impact Evaluation: 
 

     1. Verify potential to generate savings 
       2. Determine savings  

Example: Lighting Retrofit  

Potential to Save: 
Before: 60 Watts/fixture 
After:  13 Watts/fixture 
Savings: 
Savings determined 

based on operating 
hours and lifetime of          
lamps 

Example: New Car 
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Potential to Save: 
Before: 10 MPG  
After:  50 MPG 
Savings: 
Savings determined based 

on how many miles driven 
and for how many years 



Approaches for Determining Gross Energy 
Savings 

•  Apply deemed (stipulated, default) values or calculations that are 
based on historical and verified data to projects and/or measures 
with correct applicability conditions. Typically applied to “prescriptive” 
or “standard” measures. 

•  Conduct Statistical analyses of large volumes of metered energy 
usage data. Typically applied to “mass market” and “residential” 
programs and with a control group versus a participant group. 

•  One or more measurement and verification (M&V) options from the 
IPMVP* (A, B, C and/or D) are used to determine the savings from a 
sample of projects. These savings are then applied to all of the 
projects in the program.  Typically applied to “custom” measures.  

*International Performance Measurement and Verification Protocol 
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Deemed Savings 

•  Deemed (stipulated) savings are used to define savings 
values for projects with well-known and documented 
savings values in defined applications. 

•  The use of deemed values in a savings calculation is an 
agreement to accept a pre-determined value, irrespective 
of what actually “happens.” 

•  Deemed  values and deemed calculation approaches are 
often documented in a “Technical Reference Manual” – 
the Northwest’s “RTF” is an example as is California’s 
“DEER” 
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Statistical Data Analysis 

•  Large-scale data analysis applies a variety of statistical 
methods to measured facility energy consumption meter data 
(almost always whole-facility utility meter billing data) and 
independent variable data to estimate gross energy and 
demand impacts. 

•  Most large-scale data analyses involve the use of comparison 
groups. The control group can be either: 

–  Program nonparticipants, as is the case with randomized 
controlled trials 

–  Participants, as is the case with some quasi-experimental 
methods 
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Measurement and Verification 

Determining gross savings by: 
–  Determining the savings of each project in a program, or 

–  Selecting a representative sample of projects 

Then: 

–  Determining the savings of each project in the sample, 
using one or more M&V Options that all involve some form 
of measurements       

–  Applying the sample projects’ savings to the entire 
population, i.e., the program 
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Verification 

•  Usually some physical assessment of at least a sample 
of the individual projects is done 

•  Ensures that the measures installed are to specification 
and thus have the potential to save 

•  Potential to generate savings can be verified through 
observation, inspections, and spot or short-term metering 
conducted immediately before and after installation.  

•  Sometimes, all you need is verification and the use of a 
deemed savings value 
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Recall that there are two parts to EM&V: (1) determining 
potential for savings and (2) determining actual savings 



Planning, Implementing, and Evaluating 
Efficiency Programs  
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ĐŽƵŶƚĞƌĨĂĐƚƵĂů�ĂƐƐƵŵƉƟŽŶƐ͘�hƐŝŶŐ�ĐŽƵŶƚĞƌĨĂĐƚƵĂů�ĂƐƐƵŵƉƟŽŶƐ�
ŝŵƉůŝĞƐ�ƚŚĂƚ�ƐĂǀŝŶŐƐ�ĂƌĞ�ĞƐƟŵĂƚĞĚ�ƚŽ�ǀĂƌǇŝŶŐ�ĚĞŐƌĞĞƐ�ŽĨ�ĂĐĐƵƌĂĐǇ� 
ďǇ�ĐŽŵƉĂƌŝŶŐ�ƚŚĞ�ƐŝƚƵĂƟŽŶ�;Ğ͘Ő͕͘�ĞŶĞƌŐǇ�ĐŽŶƐƵŵƉƟŽŶͿ�ĂŌĞƌ�Ă�
ƉƌŽŐƌĂŵ�ŝƐ�ŝŵƉůĞŵĞŶƚĞĚ�;ƚŚĞ�ƌĞƉŽƌƟŶŐ�ƉĞƌŝŽĚͿ�ƚŽ�ǁŚĂƚ�ŝƐ�ĂƐƐƵŵĞĚ�
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ĂĚũƵƐƚŵĞŶƚƐ�ĂƌĞ�Ă�ŵĂũŽƌ�ƉĂƌƚ�ŽĨ�ƚŚĞ�ĞǀĂůƵĂƟŽŶ�ƉƌŽĐĞƐƐ͖�ŚŽǁ�ƚŚĞǇ� 
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ĞƐƟŵĂƚĞ͕�ƐŚŽƵůĚ�ďĞ�ƌĞƉŽƌƚĞĚ�ĂƐ�͞ĞǆƉĞĐƚĞĚ�ǀĂůƵĞƐ͖͟�ƚŚĂƚ�ŝƐ͕�ďĂƐĞĚ�ŽŶ�
ƚŚĞ�ŝŵƉĂĐƚ�ĞǀĂůƵĂƟŽŶ͕�ǀĂůƵĞƐ�ĂƌĞ�ĞǆƉĞĐƚĞĚ�ƚŽ�ďĞ�ĐŽƌƌĞĐƚ�ǁŝƚŚŝŶ�ĂŶ�
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ĞǀĂůƵĂƟŽŶ�ĐŽƐƚƐ�ǁŝƚŚ�ƚŚĞ�ǀĂůƵĞ�ŽĨ�ƚŚĞ�ŝŶĚŝĐĂƚĞĚ�ĞǀĂůƵĂƟŽŶ�ŝŶĨŽƌŵĂƟŽŶ 
ĂƌĞ�Ăƚ�ƚŚĞ�ŚĞĂƌƚ�ŽĨ�ƚŚĞ�ĞǀĂůƵĂƟŽŶ�ƉƌŽĐĞƐƐ�ĂŶĚ�ůĞĂĚƐ�ƚŽ�ƉĞƌŚĂƉƐ�
ƚŚĞ�ŵŽƐƚ�ĨƵŶĚĂŵĞŶƚĂů�ĞǀĂůƵĂƟŽŶ�ƋƵĞƐƟŽŶ͗�͞,Žǁ�ŐŽŽĚ�ŝƐ�ŐŽŽĚ�
ĞŶŽƵŐŚ͍͟�dŚŝƐ�ƋƵĞƐƟŽŶ�ŝƐ�Ă�ƐŚŽƌƚ�ǀĞƌƐŝŽŶ�ŽĨ�ĂƐŬŝŶŐ�;ϭͿ�ǁŚĂƚ�ůĞǀĞů�
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ĞŶŽƵŐŚ͗͟�;ϭͿ�ĞŶĞƌŐǇ�ĞĸĐŝĞŶĐǇ�ŝŶǀĞƐƚŵĞŶƚƐ�ƐŚŽƵůĚ�ďĞ�ĐŽƐƚͲĞīĞĐƟǀĞ͕�
ĂŶĚ�;ϮͿ�ĞǀĂůƵĂƟŽŶ�ŝŶǀĞƐƚŵĞŶƚƐ�ƐŚŽƵůĚ�ĐŽŶƐŝĚĞƌ�ƌŝƐŬ�ŵĂŶĂŐĞŵĞŶƚ�
ƉƌŝŶĐŝƉůĞƐ�ĂŶĚ�ƚŚƵƐ�ďĂůĂŶĐĞ�ƚŚĞ�ĐŽƐƚƐ�ŽĨ�ĞǀĂůƵĂƟŽŶ�ĂŐĂŝŶƐƚ�ƚŚĞ�ǀĂůƵĞ�
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ƚŽ�ƚŚĞ�ƌŝƐŬƐ�ŽĨ�ƵŶĚĞƌĞƐƟŵĂƟŶŐ�Žƌ�ŽǀĞƌĞƐƟŵĂƟŶŐ�ƚŚĞ�ďĞŶĞĮƚƐ�;ƐĂǀŝŶŐƐͿ�
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FIGURE ES.2: Workflow and reporting for planning,  
implementing, and evaluating efficiency programs  
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Structure for Defining Evaluation Activities 

•  EM&V Framework –Primary 
document that lays out top level 
structure. This is perhaps the 
principal document that all 
stakeholders can focus on and 
provide high level input. 

•  Annual Plans – Indicates major 
evaluation activities that will be 
conducted during the evaluation 
cycle 

•  Evaluation Program Plans – 
Created for the major EM&V 
activities 

•  Site Specific M&V Plans – For 
custom project sites that are 
analyzed and inspected 
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EM&V Resouces and Support 
 

•  An EM&V industry of professionals exist – for example, see:                          
www.evo-world.org and www.iepec.org  

•  Numerous state, national and international guidance documents and 
protocols exist – an excellent resource portal is at this website:
https://www4.eere.energy.gov/seeaction/evaluation-measurement-and-verification-
resource-portal  
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About	  40	  years	  of	  experience	  with	  EE	  EM&V	  

 i 

  
 

 
 
 

Energy-Efficiency 
Program Impact 
Evaluation Guide 
An introduction to and summary of 
the practices, planning, and associated 
issues of documenting energy savings, 
demand savings, avoided emissions, 
and other non-energy benefits 
resulting from end-use energy-
efficiency programs. 
 
A RESOURCE OF THE 
STATE AND LOCAL ENERGY 
EFFICIENCY ACTION 
NETWORK 
 
 

Two	  example	  
resources	  –	  
accessible	  via	  
above	  indicated	  

web	  portal	  

Uniform	  Methods	  Project	  For	  
Determining	  Energy	  Efficiency	  
Program	  Savings	  



EE EM&V in the CPP 
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Energy Efficiency EM&V in the CPP 

•  For the CPP, EM&V is associated with successfully quantifying and 
verifying savings for purposes of generating emission rate credits (ERCs) 
and adjusting an emission rate 

•  EM&V is described in three documents: 

–  Requirements         
 CPP Emissions Guidelines – see Section VIII.K 

–  Presumptively approvable EM&V approaches         
 Proposed model trading rule - see Section IV.D.8.  

–  Applicable guidance      
 EM&V Guidance for Demand-Side EE   
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EM&V Requirements 

Emissions Guidelines (EG) requirements are general and relatively limited, 
including (see EG for complete list and description): 

•  State plan would include EM&V plan for quantifying and verifying 
electricity savings on a retrospective (ex-post) basis using industry 
best-practice EM&V protocols and methods that yield accurate and 
reliable measurements of electricity savings.  

•  Assessment of the independent factors that influence the electricity 
savings and the expected life of the savings  

•  Baseline that represents what would have happened in the absence of 
the demand-side EE activity 

•  Periodic M&V reports  

•  Skill certification is also discussed 
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EM&V Guidance and Model Rule 
Cover	  wide	  range	  of	  EM&V	  
topics,	  including	  the	  following	  
list	  from	  CPP	  EM&V	  Guidance	  
document:	  
	  
•  EM&V	  Methods	  
•  Electricity	  savings	  metrics	  and	  baselines	  
•  ReporPng	  Pmeframes	  and	  consideraPons	  	  
•  Deemed	  savings	  	  
•  Independent	  factors	  	  
•  Accuracy	  and	  reliability	  	  
•  Avoiding	  double	  counPng	  	  
•  Persistence	  of	  savings	  	  
•  Savings	  quanPficaPon/verificaPon	  cycles	  	  
•  T&D	  savings	  adders	  	  
•  InteracPve	  effects	  	  
•  EE	  EM&V	  Protocols	  and	  Guidelines	  	  

	  	  

Also	  Covered	  in	  Guidance	  and/
or	  Model	  Rule:	  
	  
•  Tracking	  and	  compliance	  systems	  	  
•  Independent	  verificaPon	  and	  review	  
•  AddiPonal	  EM&V	  guidance	  for	  several	  

common	  EE	  program	  and	  project	  types	  
•  Programs	  implemented	  using	  uPlity	  customer	  funds	  

(“uPlity	  EE	  programs”)	  	  
•  Individual	  or	  aggregated	  EE	  projects,	  such	  as	  those	  

implemented	  by	  ESCOs	  or	  at	  industrial	  	  
faciliPes	  	  

•  Building	  energy	  codes	  	  
•  Appliance	  energy	  standards	  	  

•  Glossary	  of	  key	  terms	  	  
•  Templates	  for	  program	  and	  project	  EM&V	  

plans.	  	  
•  Examples	  for	  several	  common	  measure	  types	  
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Trading and Tracking – quick notes 
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•  Trading is allowed, perhaps encouraged in the Rule – 
–  emission rate credits (for a rate‐based standard) or  
–  allowances (for a mass‐based standard) 

•  Trading of ERCs, including EE ERCs under Rate Based 
Approach, can support CPP compliance: 
–  Intra-state 
–  Inter-state 

•  This requires implementing “systematic tracking and 
accounting procedures, including the use of well-structured 
and well-maintained tracking and reporting systems such 
as those already being used by many states and EE 
providers.” 



Registry Systems 
•  A tracking system or registry is required for trading of ERCs 

–  Each ERC will need a unique identifier 
–  ERCs must be “properly tracked from issuance to submission by affected 

EGUs for compliance ……. to ensure they are only used once to meet a 
regulatory obligation.” 

•  A particular issue for EE ERCs is the need for consistent EM&V 
requirements – thus protocols for the potential wide range of EE 
program and measure types should/must be developed 
–  Thus, EE registries are perhaps more similar to GHG offset registries than 

REC registries, but still share a number of common characteristics with 
REC registries such as WREGIS 

•  EPA is exploring options for supporting national and regional trading/
tracking systems 
–  Other groups are looking into this also, for example The Climate Registry 

and LBNL/DOE (eProject Builder) 
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Resources - CPP 

•  Clean Power Plan website:    
http://www2.epa.gov/carbon-pollution-standards  

 
•  Specific Documents: 

–  CPP Emission Guidelines: http://www.epa.gov/airquality/cpp/cpp-final-rule.pdf   
–  Federal Model Plan: http://www.epa.gov/airquality/cpp/cpp-proposed-federal-plan.pdf 
–  EM&V Guideline: 

http://www2.epa.gov/cleanpowerplantoolbox/draft-evaluation-measurement-and-
verification-guidance-demand-side-energy  

•  For additional resources to help states develop plans, visit the CPP 
Toolbox for States: http://www2.epa.gov/cleanpowerplantoolbox 

 
•  EPA Overview and energy efficiency presentations: 

http://www2.epa.gov/cleanpowerplan/clean-power-plan-overview-webinar  
http://www2.epa.gov/cleanpowerplan/fact-sheet-energy-efficiency-clean-power-plan 
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Efficiency Resources 

•  ACEEE – American Council for Energy Efficiency Economy – non-profit 
efficiency organization www.aceee.org 

•  Utility and other program administrator websites (e.g. Northwest Energy 
Efficiency Alliance – www.neaa.org)  

•  U.S. DOE Energy Efficiency Office - http://energy.gov/eere/efficiency  

•  EPA/DOE State and Local Energy Efficiency Action Network (SEE 
Action)–  

–  focuses on providing assistance states need to advance policies and practices that 
bring energy efficiency to scale. 
www.epa.gov/cleanenergy/energy-programs/seeaction/ 
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EM&V Resources 

•  EPA/DOE State and Local Energy Efficiency Action Network (SEE 
Action)–  

–  focuses on providing assistance states need to advance policies and practices 
that bring energy efficiency to scale. 
www.epa.gov/cleanenergy/energy-programs/seeaction/index.html 

•  The Northwest Regional Technical Forum –  
–  an advisory committee established to develop standards to verify and evaluate 

conservation savings. http://www.nwcouncil.org/rtf/about.htm 

•  Regional EM&V Forum (Northeast and Mid-Atlantic) –  
–  supports the development and use of common and/or consistent protocols to 

evaluate, measure, verify, and report the savings, costs, and emission impacts 
of energy efficiency. Covers 11 states. http://www.neep.org/emv-forum 

•  EVO –  
–  capacity building for M&V best practices  www.evo-world.org 

Steven	  Schiller,	  WREGIS/WECC	  September	  2015	   78	  



Thank you and time for discussion 

Steve	  Schiller	  
	  
Senior	  Advisor	  
Electricity	  Markets	  and	  Policy	  Group	  
Lawrence	  Berkeley	  NaPonal	  Laboratory	  
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